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i ‘ The present invention relates generally to stabilized
mounts for camerés and more particularly to a three axis, flex-
ure supported gimbal

When a ¢camera is mounted and operated i{n a moving

5 ~ wehicle, the camera is normally sgbjected to all the motione

* experienced by the vehicle. A photograph of a stationary object
taken by the camera would reflect all of these motions in the
‘picture. The resuitané effect, of course, would be blurring of
the picture due to relative motion betv.veen the camera and the

10 , stationary chect or scene being'photograpt;ed. Aerial cameras
mounted {n aircraft, for example, are often amployed to photo-
graph the terrain over which the airéraft flice, For each par-
-ticular picture, ‘thc film in the camerais usually moved in the
direction ok flight at a r‘ato;which minimizes image motion on the

15 film due to forward motion of the afrcraft. This {9 conventional
image motion compensation, However, blurring of the picture
may still occur because of gyi;‘tionn of the aircraft mounting
the camera which introduces other, uncoméenuaud relative
mottoﬁl. Of course, there is always the effect of vibration and

20 other oscillatory motions on the camera.

Stabilized platforms or steady mounts are provided to
isolate the camera, for example, from disturbing aircraft motions
particularly when an exposure is made. Such mounts are also
employed to rotate the camera about & pitch axis at a constant

25 rate to compensate for image motion due to the forward velocity
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1 o the M‘ret"a‘(.t "vvheﬁ an exp’oit#ie is madé. " These plaﬁgrma or |
* mounts are unpportod ona s\utabla gimbal system having usually | ‘
- -'=throu éegreu of treedom 8o that a camera mounted on it can be
vrotat}ed_vabout’a pitch axis, roll axis gnd yaw axie. The camera
5 | is ﬁo’vod by tésﬁﬁuﬂ (torque motors) wb&cﬁ are responsive to
‘ xﬁotlbn #eftcﬂng' meane which sense motion about any of the three

ax'u. " The conmuobnl gimbal rings mounted on bearings intro- '“‘J ,,ch"

U»MM?
-duce a good deal of friction such that ayatom responee can be
N\DQ?’ <2
spotty and £aulty. ' R - e

10 .y Iis an object of this inventlon to provide an extremely

r low {ﬂctioa totque ghnbal
Sk Aaothor object of the invontion is to provide a novel three
i g‘y}y _M,me. fleuuro mpporud gimbal,.

Another object of the invention is to provide a compact

4@&?{3&’15 1 imbal capable of supporting heavy loada without introdncing

' lrlcuonal ruintance.
| A futther objnct of thla hwentlon is to proviilo a three

» axis, ﬂox\u'e cupportcd gimbal havtng a wide runge of motiou

va.bout any axin. '
20 T prleﬂy. the forogolnj and other’ob‘jeéts aré preferably
| aéco@plhh&d by ptovighx;g an*upp.er, cylindrical ring- shapoﬁ Sody

‘ha.ving twe di@mnrijcaﬂy dependent side flanges which fit into an

uppor channel c@t'dﬁametricaﬂ& acééée a cylindrical middlq body,

~ each iide. ﬂmge being 'supportad ox; 8 pétt of croesed flexures

25 connecting with the middle body. The middle body bas a lower
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channel cut diametrically at right angles to the upper ‘channel.

the top part of the lower channel intersecting with the bottom

part of the upper channel to form an axial center opening through

_the middle ﬁédy. A channel shaped lower body having an upright
‘center pillar fits in the lower chaunel of the middle body such that
_ the pillar extends upwards through the axial center opening of the

middle body. The middle body is oupported on two sets of flex-

ures, each 'qat of crossed flexures respectively connecting tho
end- of the channel shaped lower body to the middle body at the
enda of the lower channel thereof. A center support column
ntrﬁcwre. which is a channel shaped bar, is positioned parallel
to the uprigﬁt centerpillar of the lower body and extends up through
t.ho‘middle body's axial center opening and through the upper, ring- '
nb&p;,:l bodf. The center support column structure is coﬁnecud
to the uprig_h_g ﬁillar of the lower bodf through two sets of crossed
flexures. |

The top‘of the center support column structure can be
faﬁtened to ajrcraft structure, fof example, ax;d a camerz can be
adapted to ba mounted apd secured to the upper body such that the
tntet'uﬁtion of the planes of the first set of crossed flexures deﬁn@
a pitch axis, the second set a roll axis and the third set a yaw axis.
Each pair of crossed flexures can be thin metal strips which are
mounted non- togotbor with the plancn of the flexures being per-
‘pendicular to each other. The flexures caa be of uniform thick-
ness, have a tapered érons section or otherwise varied to secure

desirable or suitable characteristics.

~2a~
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This 'fnvontm poseossecs numercus other objects and
features, some of which togéther with the fwegﬁhg, w»ill bo set
forth ia ’th.".fb.llgwing doscription of a preferred embadiment of
the invmioﬁ‘ and the mﬁnﬂon will be more fully understood
by Mficrencpl'to the @twehc& drawings, $n which:

_ Figure 1 §a 2 eide view of a samera being supported on
& stabilized mount of preferred construction;

Figuve 2 ia a rear view of the gupported camera of Figure 1;

Figere 22 is a drawing illustrating a push-pull linsor sole-
nofd; -

F!gﬁre 3 1s & side view of the camera stabilized mount
structure am torquer eclencide connected to a three axis,
éame s@brted gimbal;

FWO 3a, ’35.' 3¢ and 3d aﬁ detall drawings of a bracket
which is mu;chod te an upper yoke of the mount;

Fiﬁuie 4 is an end view of the mount;

‘Figures 42 and 4b are detall drawings of the upper yoke; |

Figure 5 {¢ a top plan view of the mount;

?‘ig\ia."ss Sa and 5b are dotail views of an adapter plate;

.Figm"p 6lsm beftom vigw of the mouns;

| Figuuﬁ éa a_:id &b are detail viewe of a Jower yoke;

Flgnﬁ; 6c $s an olevational view of 2 bracket arm;

mgg;;. 7 is a partial sectionsl view which illustrates the
connection Wen camera structure to airframe through the

flexure gimbal;

“3e

Declassified and Approved For Release 2012/06/18 : CIA-RDP89B00487R000400710002-2



Declassified and Approved For Release 2012/06/18 : CIA-RDP89B00487R000400710002-2

X ‘ F’iauﬁs 7a, Tb and T¢ are detail views of a trunnion member
which connects a cylindrical ring member supporting the camera
to the flexurs gimbal;

S‘igﬁtu 7d, 7o ond 7f are detail views of the c¢ylindrical
5 ring membaer; |
Figaures 7g, 7h, 7i and 7j are detail viewg of & ball joint
structure; ‘
ﬂguée & is 2 perspective of a three axis, flenure supporied
glmbal;

1¢ Figure ¢ is an end elevation view of tha flexure gimbal;

Figu;'e 10 is 8 bottom view of the flexure 3&:11:31;

Figure 11 is 3 side elevation view of the flexure gimibali

Figure 12 {8 a sectional view taken aléng the lm 12-12 in
Figore 11;

315 Figere 13 is & tép éhd view of the flexure gimbal;

Figu‘réa 14 and 15 are amctimmi views taken along the lines
14-14 and 15-13, respectively, in Figure 13.

Figure 16 is a 2:#&& view of & ceptivatoz, looking at the
back of the ?mora; | |

29 Figure 17 is a perspective showing the U-frame structure
of the captivater;

Figures 17a, 17b and 17¢ are {ragmentaxry, enlarged views
illustrating detail captivator structure;
PFigure 13 is o back view of the captivator actuator which

29 drives a pair of captivator slidare to cage and uncage the camera;
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?i@ra 194z a c{gcuit disgram of the captivator drive metor
and clutch; |

E‘lg\.u;e 20 is a' perspective of a shock absorber pin;

Pigures 20a, 20b and 21 are detail drawings of the shock
abgorber;

Figures 22 and 23 are drawinge illustrating aa autobalance
apaembly iof the camers aqbilixsd mount;

Figures 23a, 2’31: and 23¢ are deteil views of the autobalance
weight; '

Figu.ro 2¢ is a anctional servo block diagram for single
axis otabil&n&icm

Figure 25 is a block diagram illuetrating a gyro loop used
in the camerz stabilized mount; |

Figu'r'e 26 is >a block diagram of the pitch axis serve channel;

Figure 27 is a detailed wiring dlagram of a preamplifier
used in a ae‘rjlvo channel;

Figure 28 is a deteilod wiring diagrem of a torquer amplifier
used in & servo chaonel; |

Figure 29 is a detailed wiring diagrom of a half section of
a full wave ngnctin amplifier; and

Figure 30 i a. wiring dicgram generally illustrating the

control circultyy. {or the camera atabilized mount,

“He
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: mgqu !A and 2 are Mmpliﬂoé drawings which illustrate -
a genaral ar;mécméat in which a camera 10 can be mounted on
a pxdez.-yrevd mWeqﬁ vof the invention. T@eﬁcamern 19 15 shown
only in ontu# form :(or .elaruy of iliustration iké the camera 10
in this instance la depicted a8 baing mounted in aan aircraft, for
Wﬂ- mgnrs Jisa A'ﬂde view of the camers mounted go that

the forward end of the afrcraft o to the left, ss indicated by

arrow 12 and the view shown in Figere 2 is that looking forward

from behind the camera.10. The cameva 10 fo & conventonal
aerial camera for taking pictures of the terrain over which the
aircraft mﬁ-.- The opties of the camera 10 are suitably arranged
to IM dowﬁimr& at tﬁe gromd which is towards the bottom of

the shest in the mﬁsizaﬂona of Figures 1 and 2. The camera 1&3

s conventional bat is styucturally adapted to fit on the stabilised

‘mount,

A tube 14 iz mounted transversely in the alrcraft betweea
a left wall Mo 16 and a right wall flange 18. Both ende of the
tube 14 are each te'rmtn;tad in & pair of paraual cars £0a and 29b,
between which the ﬂ.&ngén 16 and lé extend and are each secured
thereto by bolta zz# and 22b {Figure 2}, Thus, alrcraft structure
is effectively am:dcé from cae wall to the other ia the form of
a tubs 14, This tube M passes transversely through the body of
the camerab_w through ;‘i tunnel formed by & larger tube 24, con-
centric with tube 14 and which is lntegrally & part of the camera 10.

The camera 10 ummxy surrounds the tube 14, in this instance.

b
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The tpan tube u hag two dependent flanges 26 and 28
(Figure 2) wﬁch arep-uallal to each other and lie in planece
that tntcruct tho wall of the fopor tube 1¢ st right nnglm. Each
flenge 26 or 28 ia aqﬁ&st&aﬁy spaced on opposite sides near
the m&ddle-vot the length of tube 14, and bave two holes in cach
through which two bolts 30 c;n be passed parallel to the axis
of tube 14. Thase bolts 30 attach and secure a *ball joint”
structure 32-having ﬂ&rlng lower sides 3:a to the lnner tube 14
which {s effectively ‘aircraft ;tructure. The larges, ‘outer tube
24 bas a lower eoatrli{l c\;tout 34 which permits the ball joint
structure 3'2 o foach the inner tube 14, and the cuter tube 24
is attached and l;cuféd to a cylindrical ring member 356 by four
bolts 36 which pass thrmgh bélea in tab flanges 40 of the cylin-
drical memb‘r 36. Th. eynndrical metnber 36 bas two diam-
etrically oypeaad end plnwa 422 and 42b which aro affized to the
eyladrical member 36. .and .ach end plate has a circular cut
therein which mouats tﬂmnioﬁs of & crese ohaped trunnion mem-
ber 44, The pndi of thi .trmﬁlana are welded to the end piates at
the circular ?uﬂ. This vtrun‘a_ion member 44 {8 connected through
a three axis, flaxure sappoa-&é gimbal 46 to the ball joint etzuce
ture 32, Thus, the eaméra 10 is supporied by way of outer tube
24, cylindrical member 36. trunnion member 44, flexure supported
gimbal 46, badl joint structure 32, and finally inner tube 14, which
is fixed airci_nf: structure,

The camaera 13 is w.pfor«d on flexures; bowever, a safety

-1-
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‘T ball joint me pupport is provﬁiad by the lower edge of the
cyliadricalv member 36 ﬁd the conically sieping side of ball
jcmt otrﬁciu,'e 32. In ﬂm av@nf of flexure failure, the camera 10
is nffectivelf mtépoﬂed by :hj lower edge of éylindtical member
'8 1 36 resting against the lowor fQaring conical sides 32a of ball
. | joint Mmctﬁra 32. ln aormal operation, these two surfaces have
a nomninzl clearance of 6.‘ MO. fnch, for exemple, and there is
ne coatact betw-en adjacent ﬁuriacc.s, and cuter tube 24 is held
" concentric vﬂth the aner tube 14.
e 1k A three uis.: ﬁéum :tuppoxmd glmbal i provid@d‘ on
which a camera ean be ﬁmmﬂcd and be oriented in any direction.
The camera _l‘0 can be moved about any of three axes by torquer
svlenoida wiich are mounted between gimbal rings so that each
aolenocid torq'ueni enly abéut the axis on which it is mounted, A
15 - piteh qolmwld 48, roll gsolenold 59, and yaw solenoid 52 are .
~mounted between gimbal rings generally as shown in Figures 1
cand 2. The ﬁrqﬁex _aolinaim are preferably two coil, linear
solenoi&é that can atthe; pm or pull, depending upon which
 coil is ensrgized. It fa in al{éct two solenoids set back to back,
86 and the core of a sohﬁbl& is ﬁpared to give a nearly linear dis-
placement _cﬁarm_ctet—isd'c. Ml bushings for linear motion are
used to suﬁp@rt ihe cor; in order to minimize friction. Tractive
force ie néa?ly llnesr over a working etroke of & 1/4 inch from
ceater poaii@n. “ !?‘iguri 23 showe the comstruction of a push-pull

25 solenoid. A musmcwiy and preferred two coil, push-pull leakage

-8~
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fiuz ac!emoi& typa PPiL~200-48, is comurercially available and

manufactured by Amcﬂm E‘;olenoid Company, P. G, Dox 65845,

" Loe Avgelés 65. Cnluoma

’Z‘urqdng mumeau wmh can be produced by the solenoids

in the moeunty for mazplu, an: roll--1 ib, ~ft., yaw--} lb. ~ft.,

zmci puch»-l 1/2 b, -t 'I‘hu mount will izolate the camera from

disturbing aleframe rotes up ;o 20 milliradizng per second. Normal
cperating a\ngu&ar’ vslnc!slea ébem the throe axes are! rolls-0 % 0.3
_nuuirad!an pcr nennd. yaw«-ﬂ % 0,3 milliradian per second, and

_pitch--8 to 16 & 0. 3 mimradiau per second, These figurea apply

to a stabilised mountftncludia; camersa having a weight of approx-

fmately 550 tba.. appmxlmatniy 80 pouvads of which are stabilizer

‘componenta, and mcmeat of tnu'tm about the three axes as follows:

rolli-10 sxag 2.2, yaw-~10 slug 1. %, ead pitch--20 slug &. %,
The potnt u.( uuponsian of comers mass by the floxure gim-
bal is lacatod. for. emmple. at 0. 019 iach above the center of

gravity. Tho camera wmass as denomei here includes other major

" componsats of the camera stabilized snouat such as a gyro assem-

Bly 54, &ntob‘lance apaoﬁblv, 55. and gervo ampliiier assembly 58

together with pawer owply. A csspeivatm 40 or cager device is
& major eo:npam{ whlch dmu lwt add to the camera mass since

it is snmmrud pmiy_ by nirc_rw structure. The gyro assembly 54

is & comventional assembdly &nﬂmag three single axis rate gyros 62
which are monnud mutually perpendicular tv each other and sense

angular matl_bp respectively about the three axes of the camera
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stabilized mount, Zioqv-l. hermetic Qt@grating gyros, type HIG-S,
for examéle. can be mmfastoriiy wssd in this application. A
temperature ,.eontrolhir for the gyros, gyro spin motor power
supply and gyro signal generator power supply are included in
the gyro assembly 54_&34 are aleo all conventicnal ftems.

An asﬁMco assembly 56 (Figure 1) is used to compen-
wate for :hange in the static balance of the camera caused by trmn_q}

port of film from the camera supply reel onto the takeup reel. The

 sutobalance uaumblf 56 includes a long tube 64 located along the

length of the camera on one side, containing @ movable weight

that is actuated by a system of pulleye and 2 d. <. motor 66, Com-
mands 20 shm the w»‘!gbt' are derived from a gtadbilized mount servo
eircuit whcro‘ error signals due to static unbalance are detected.

Tha autobalance drive motor 66 is, for example, 3 28 volt d.c.

permanent magnet type motor that is reversible by switching

polarity of the brushes. Limit switches are coaventionally pro-
vided at both ends of the tube 64 to cut off the drive motor 66 if
a condition exists wheze the welght is driven to an end of the
tube 64, Manuzl oparation can be accomplished by two &uxi;ltary
switchas 68 located at one end of the tube 64.

Statié unbalance of the camera causea it to drift in the
direction of unbalance., Thus, a steady state error signal is
prescnt whadevo_r the cémarn &ccmec unbalaaced. This stabil-
ization error is detected by the gyro sensors 62 and ampllﬁod

by & servo amplifier. The amplified sigeal actuates & contrel

IS ¥ PN
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ralay which sncrgizes tﬁo autobalance drive motor 66 to move

a slug 9o as to compensate for unbzlance of the camera. The
welght of the slug iu; for example, 3.75 1bs, and the compensa-
tion rate can be ﬂ 67 in. ;lb. /see., Compensation must take place
only during the steady state portions of the stabilizing cycle; ag
transient rates c;msid by motion of the wiriramae at the time of
uancaging, ﬁncqual r..:acunn of eaptivator pins, and switching to
image motion co@'pensa'ticn, must not be used since they ave

not caused by the static vnbalance of the camera,

The camera gtabilised inmm: serve generally comprises
three vaioelt} servo channels; pitch, roli and yaw, Each channal
is subekmtisﬁy indep&nd.ent electrically of the other two and
each channel include‘n a rate gyro, gyre preamplifier, torquer
ampliifier, f)ower mplﬂar and puah-puil solenoid. Theee
amplifiers ‘MA'e located mainly in container 70, and various elec-
trical interconnections are mmia:a in junction bux 72 (Figure 1).‘
Two smalier containers 74 and 76 respectively contain a film
drive gervo Qnd oblique sem‘.' - Theso servos are all mounted
on one side of the camera 16 below the autobalance tube b4.

’?hé cap&vawt 60‘ or céging device iaclud;s a U-shaped
frame 78 which cradles the camera 10 between two bracieting
arme that :_nd connectad by a cemmon cross member positionad
to the rear of the camera 19. ‘The onds of the two bracketing
arme each terminate in the forrm of a yoke which embraces the

outer end of the inner tube 14 and are secured to the innor tube

-11-
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by bolts 30a and 80b which pass through respective yokeo and
‘tube 14. I‘hc ee.rhewﬁ of the U-shaped frame mumber ave eup-

ported by aﬁuqtnﬁlq gigﬁamc attachment linke 825 aad 62b

- {Figure 2) which are arreaged to provide self-bligaing support

for the U-shaped fréupa _»nvaez:iabtr 78 in spits of alight temper-

sture expansion or contraction of the frame member, or the

like. Thus, the U-shaped {rame is supporied purely by air-

. frame structars,

The eaptivator 60 alo:o hcluﬁas a 409 ¢c.p. 8. 3 phage
motor 84 which s used w drive o masnétm hyawreeis clutch
which, in mm. drives o cr@'thmngh sn vutput shaft {all not
shovwn Mré)_&e oéeﬂwe a pet p( sliders 362 and 86b, wncaging

_the camera I.O .Tbé sliders 86a and 56b engage with & set of
awmapen@lﬁg phns 88a and asb which are mountsd on shack

" absozbere, one on a;eh ;ide u( the camera 18, The shock abe-

‘ wrb&r'mmb'ﬁsgn a._nd 8&‘"3“ rénpécuwny sngaged by the capti~
vator stidqﬁ 86a &ml 86b when the c#mem ie caged. The output

shaft which drives the érank thot operates the set of sliders 86a

and 36b ta'-pring lmde_dfhrcu’gh suitable gearing by a heavy coil

' spring in tube 90, Tm spring drives the sliders 86a and 60b

together, aaging the camera 10, whenevar the magnetie clutch

ia‘da-onexﬁhod'-'ar in the event of power failure to the 3 phese

motor 84 \#ﬁlch normally runs continuously, When the magnetic

© cluteh o mrgt@ed;‘ the ‘crank s rotated against the load of the

heavy coil spring until & mechenical limit step is contacted, aad

12~
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the clutcﬁ thm sll)'s ‘l;lﬂi the 'eud of the urcage pasrt of the cycle,
Each slider is prelarltblf BR al@minum canting that slides on
nylon b\mhh;ga on & énit of parmal 3/8 inch diamater steel
shafts, Nyioa nﬁbho_ra are ﬁl_o,d on the surfaces of the slider
cantacting pins 8‘& and 88b to minimise shock load and wear.

2 opring loaded detent (uot shown hera) iz also provided eo

. that the crank, when nim\w.uy turned to its extremie URCAge

position, cam be locked in this position by pressing the spring

loaded d@teni i to engage. an end of 2 half segment gear which

 ig affixed m and drives the output shaft. The force due to the

heavy coil spring tmﬁamittad“&raugh the holf segment gear

: againgt the detent, holds the deﬁnt in position. The captivater

"69 serves o _re&o‘nte# th;cmino_ra 19 after an expogure cycle,
fior example, .and' it locks the camera 10 to the adrframe vwhen
smbﬂiwtﬁoav‘ia nct in précescl. The captivator 60 will be fuzther

described later. -

A normal sequence of operatica iz generslly that as the

' sircraft flies over terraln wluia it ie desired to photograph an
: - area later aleng its flight path, filmw is first properly drawn in
the camaré’ 10 and itis then ﬁae&god by energicing the magnetic .

hysteresis clutch which operates the crank and sliders uJ the

captivator 60, pormtniég the eammera 10 to rotate fresly ia all

.three axes about a point. ﬁil_q"ns stabiilzed, the camera 10 would

move unifonhly-nt the same hpgtalar velocities posssysed by the

“airframe at the fnetant of uncagleg (lawe of motion), to which

-13~
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tha camara ﬁas caged. Vprm nuws ving, angular movement of !
the camera u cwpped m\rfmg a etabilization interval in which

‘o viscous typa of -ﬁax_nping is provi&eu $o cwerdamp the camera 10
'@,yrm mfemacas. uud tho camera 10 is nof influenced by aircraft

“three veiuclty type scrws. one fza: each sxin o8 was described
eartior. Kach servo chlunel lm:‘udem & rote gyra which senees

"ﬂ-mwulat mm!em about ite corre.pomlmg carpurs axis duriag the

ba it ch&zmﬁpi mr:quer salenoid}wmch exeviy (Hrogue oppaamg the
T camera mdéion. 3 !ﬁo,tio#i:an bo coatrslled withia the resoluticn l
"f}i the ayro v‘ehic.lp is aﬁoﬁt 19 SA;'xa,illiradima per second, for ermmpm'.
. By sppauing angulnt mocitm with a torqus pr cportional to angular
‘W)locity. a viucwa type ef elampmg is mmsweé Jince the camera)

A_'}g damped w&_th rel_pect te inertial epusce, it is not influenced by

s belng atopped. :ha ambmkuce z’zmﬁ’t;‘hc«;nmﬂw 86 is also put into

“fter this intervﬂ. imag& waetlon compenaation {1 M, C, 3. is

' :sm.rmd by ig:troducing a pitch angulaer movemont of the czamera 10

|
|
{

about euch axia, Overd.nmpm; cuu@m& aagulay motion o cease

1 17] mlnimum tim'a; 'Tha carcora 19 is stopped with respect to

motion, ﬁ)u!ing the stabﬂhmthn im@rwi, angular matieu about

the roll, ;zitch s8d yaw uea comw. This i accomplished by

mbﬂimdoﬂ iutarval and duriag & later Lmage moﬂan e.Qmpexm&-

tion mwxval. 'I'he rage gyro ontput. after sropiification, e fed

I

moverneont of the alrframe.

st the uam‘e tirme that caﬁ'«-asra motion about 2il three axss

mp@rmimm during'lhe,smbﬂimﬂom intarvel as deecribed before.

.._- 14~

|
|
!
|
|
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. | omgmuam !or the iotward mm*cm of tho airerafs, while roll

L and yaw mﬂ#ﬁﬁ of t!;a @w&r’s h’} rewaly s spped, During the L M) C.
v :pwmd. the"aaéa'affu 10 rotates ibaut: the pizch awis at & fixed
rate which m b‘ tet by the p&k}t iy manua Uy sdjusting 2 suit-

5 ' ebty a.amama pouutimceter. lm example, to introduce a rate

command sigual inw tho pitch eervo chmmvi. A pitch compensating
‘sngular xx'aﬁon ol thﬂ camera 10 muulm since o velocity type sexveo
can e,cammaad uny angular ve:lodt,. as wwi? a8 zero rate. iﬁux'msg
the L M, C pettod. while the lmagc n::nl the area to be photographed
w o :is motioukan. the camom mmm iz apv nved by a pulea appearing

ing mm imerval After ahutusr operation, the camera 10 cen

‘bo ca;atumd and suumly lovakcd to ﬂxa sipframe sgain by do-ener-
‘gizing the magn&lc elmeb @f tbe cagﬁmim 69, Power is also
'aismnnenud !ram the camera stabilized mount serve until the
15  mext eyele cf eparaﬂmz. ?hiu c(m pletes o wm.val degnription of
| ,greferrﬂt ambodtmem aad appucm&.&ou ol ' the imveation. |
Thae emom omhﬂimd mount ts ahown in mructurs.; detail
W'incipaﬂly by Fignreu 3. 4, 5. s and 7 Sdditional aupportﬁng
:m:m.!s of ahuse ﬂgures are pm&wd xay Figures 3a, 3b, 3e, 34,
= za  4s. 4b, Sa,°Bb, 6a, 65, be, T, T, e, T4, Ve, 4, ? 7h, 7
| and 74, Thcthree axis, - ﬂexuro'" supportad gimbal 46 is illustrated
in detail i:w‘ %ma'ﬂ. 9. 19, ‘H, 12, 13, 34 snd 15, The pivot
" poiat for zm mam is Mca&cd fn Figurec 3, 4, 5 and 6 by a

. {swmli cimla having altemmly shaded guadrants and is at me

R LN ‘center of thlt ehtle. ﬂgnn 3 s 5 dotziled side visw of the

15

i
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camorz stabilized mom which sbows at the tup a channel sbipnd
adapter plate 92 h;xving two parallel upright walls $2a. A side |
view of thia adapter plate 92 can be seen in Figure 4 which shows
the walls 92a being curved zo conform with the surface of tnner
tube 14 and two hoieé 92& in each upright wall 92a near the eads
are provid‘d‘ to accept the two belts 30 which secure the adapter
plate 92 to the flanges 26 and 28 of the inaer tu& 14 {see Figure
2k, The a#nptsr plate 22 is detailed in Figures 5a and 5b, end

i3 shown pr@arly iustaixed in Figure 5, The adapter plate 92
reete on the upper 'paripheral mvzrfa‘cés of ball joint etructure 32
which, in &.:'rn. stands a_nb the top edgae of the upper yoke of flexure
supported glmbal 46 ne shown in the partially sectional view of

Figure 7. The ball joint structure 32 is shown in detail by Fig-

‘ures 7g, Th, T a2ad 7). qu holes 94 forming o square are pro-

vided througﬁ tﬁia structure 32 and theae holas 94 are arranged

te coincide with four holes 9¢ in adapter plam“’)z ag shown in

Figure 5a. These boles 94 and 96, in turn, are aligned with

four threaded boles 93 located in tha top edges of an upper body

100 of the flexure supported gimbal 46 (sce the pergpective of

Figure 8), Fm lang bolts 102 (Figure 5) are used to aeénre

the sdapter plate 92 and ball joint structure 32 to ths upper body 100.
The upper body 100 is supported and consected through two

sets of pit'cﬁ axis flaxures 104 to & middle body 106 of the glmbel

46 and the middle body 106 is, in mm.‘ supperted and connected

by two sats of roll axie flexures 108 to 3 lower body 110, The

16
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lower bedyl_uo has & éaiud center core seciion whlch 18 connected
to a cenier iauppori column structure through tv;a seto of yaw axie
flexures !zba“l‘hold the c..m‘er ﬁpport column structure parallel
with the lower body core saciien. X".::_;zch aet of flexures comprises
two thin méiﬂ mﬂp'e mn;antad Qid@ by side and crogsed 8o thée the
planes of the two ctripa -‘waum }t'ntcm@ct at 90 degrees if the siripe
were wtdtan;d and extended intd each other. & eirip is terminated
in cubes ut each end which can be integrai with the metal strip.
The strips can be other than myemk, of course, and do not bave to
be integral with the end cubes, but can be suitably secured to them.
This farma'_a pivbt« with '.aegngtble friction and a very small amount
of spring cﬁmpiﬁnde. “’;‘Ee pitch and roll axis flexures are . 016
inch thick, 7/16 inch wide 2nd 1/2 inch long, The yaw axis flexures
are the amﬁo width and length but have » tapering lengthwise cross
section of .'blaﬁ inch mindmum thickness., The Lengtbwim.crou
sectional odies ar; elliptical and are , 360 inch thick where they
join with the ead cubes. The top of the center support column
structure hﬁa three thn;dad h@loe. triangularly spaced tc coin-
cide with th‘!oa bol§$ 112 boroed in the center of the trunnion mem-~
bes 44 as shown in Figure 7b. Figures 7a, 7b aad 7c fully {llus-
trate the trunnion member 44. Tho ball joiat structure 32 has
three largel; holes 114 tﬁgnn 74}, triangularly spaced, to per-
mit passage and instaliation of three bolts 116 (Figure 5) which
secure the trunnion member 44 to the center support column

structure as shown in Figure 7.

~17-
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The'_cy!i‘ndrieallﬂug member 36 to which the end plates
42a and 42b (Figures 3 and 4) are affixed, is shown in detail by

Figures 7d.'1 7e and 7£. bince the end platos 42a and 42b are

‘ wa‘pecnve&f welded to the ends of the two trunnions of the -

trannioa mmbei 44, aad the ,qyundrisai ring member 36 ig
fastened byholu 58 {Figure 2) through tab flanges 40 to the
cuter tube 34. wﬁ_l'ehz_ie ﬁwsxel with the camera 10, the camera
10. is thus mppottad on the tﬁm@ axis, floxure supported gim-
bal 46 and a safety ’ball joiut' typo suppurt is provided by the
lower imm' odgo of eyitadrieal ﬂ.ng member 36 and the flaring
conical lmvor sidé of bau juiut structare 32 {Figure 7).

The br&ckm th&t uupport the corqum- golenoids are

mounted betwm awabal rings so that each esvlencid torques

enly about clm axis on which it u mmmteu. The pitch solenoid 48

is {astened Cepoadouuy to a bncket 118 which is, in turn, secured

to as upper yoke 13_6. The me_r yoke J20 ie muatmtmi in detail

by Figuree 4a and 4b and is attached to the middle body 106 by

.cap serews 120a as shown in Flgures 3, ¢ and 6. The pitch
, ‘solenoid 49‘0 em@cted to an ﬁppar brachet axmm 122 through -

a chircular ﬁmm 124. The uﬁer bracket arm 122 is {astened

to a lower slde ares 126 (Figures 7h snd 7)) of structure 32 by

. gnrews laﬁ'u shown in Figures 3 znd 4. A differential trans-

former 128 "Qo' attached to. bmqht 116 and is connocted to the

' uppar’brat:het arm 122 by circular flexure 1282, This instrument

128 is provﬁh& so that fndication of sngular displacement of the

w18
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camora 10 sbout the pitek axis cun be cbidived,
» bracket 130 which is dsteiled in 4 igurss 3a aad 3b is

2i20 attached to the upper yoke 12¢. Anuiser braciet i3] de-

| tailed in Hfgurea 3c and 34 'ia‘flbcm;ad belovw bracket 130 and is
.' aitached ta"thc lower yoks ).32.“ The lower yoke 132 s secured
- 1o the iuwe:;,ﬁody 116 by cap serews 1324, w«nd iz shown in
 detnil by Figures ‘éa and €>b The roll soiencid 50 is secured

- independontly from bracket 130 . and ig coonected to brackat 130

throagh & edrcular flexure 134 Thus, roli soizacid 50 is con-

- nected between the lower body 110 and wadule pody 126, The

yaw ﬂmlenoid 3z s rm_)miled laterxily te sracket 330 which is

-

#Fs0 fastened to the lower y{,i;n 132 ae 15 cleariy shown in Fig-

ures 4, 5 and 6, The yaw solenoid 52 i¢ conmecied by a circulay

 flexure 13&to & braciket arm 140 which i1 stiached to tac bottor:

of the center support column meraber 142 {Vigure &), An elev-

ativnal view of the bracket arm 140 is iliusirated in Figure 6o,
Thus, the yaw solenoid 52 is ¢onneciad weiveen the lower body 118

aad the ceater support column membeor (42 which 15 secared tw

. the trunnion mamber 44 that effecrively supports tha camera 10,

To ghovw clearly bow the sclznoice sve connected betweeon

gimbal vinge, reforence can be nuade to i igures #, 9, 19, 3}, i2,
i3, 14 end 15 which are detailed drawings of the Hexurs supported
- gimbal 46, The porepective of Figure | ilinsirates the general

appearance of & preferreu embodircent of - thrie sxis, flaxure

sugporied gimbal, The 'thr:aa_ll'ui&s gimbal 46 comprises four xmain

-1G.
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parig--an n@paﬁr.body io_q. middlo baé'y 104, lower body 110 and

o conter auppoﬂ céh:mn mambor 142, ‘The vppew body 100 is 2

"cyundxacm ﬂag»lhapad ltructure having » large cﬁame&rical
‘circular cut iM hurnaetkag the side waliz of the structure 100

f@m@.ﬁauy below the top surface over two dependent side flanges

l146a and M‘b. mn cut Mé"’p&ova‘.«ian elearance for the trunnions

 of the tmxmkn momber (4 'rha four thmwzit&.d holes 95 located
.,'amum\ the wp edgu of the uppox i,sady 344 thread with bolig 192

(Figure §) which 'nccnre-tho upper body 190 1o ball joint structure .

32 {and airci'aﬁ Mcmo);

'E‘wo sets a.’. counwrauuk holes 14%e and 148b are also pro- .

¢

vided thrcmgh the nlde ﬂangea Mi’m and 144h ne shown in Figeres

- 11 and )3, 'X‘hoao hous l48a and 148b sccopt screws 1502 and 1500
“wisich 'thwad into the npper chblc&l ende of the pitck axis flemures
‘104, ’Xhamo \sppor euhical ende are held &y the screws 150a apd

~1500 in tha cornan pl the M shaped {Figure 11) lower sdges of

the side Nlanges 14ba and 146b, Similariy, two other sets of bolew

I84a and 154&; nie drilied axially mmug» tis wpper body 100 along
Cthe vim 90 degrma away from thﬂ Emlw i4ida and 148b, Those

boles 154a aad 154!: pravida ahrou@& passage of screws 1562 and

156D (Figuﬂa 9 md M) wh!ch ehmm diagonsily into the upper

cubjcal mdi 153& and 1585 of tb«z roll anin floxurss 108, The

upper body IGO hes a large central opeming 16¢ farmmi by boring
pavallel to t_he amn of the cylindrical uppsr body 100 partway

- down {Figures 14 and 15), sphericzily recessing the hottom and

-20e
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channel 164 .cut &mgh the eywmm fro:

‘thee rean:iag 8 rounded corner, square Lisic 162 (Figure 13}
through the vecessed ares. This provides clearance for the
raised cara'-'-oem of th. lower body 113G zad the center support

Lﬁlmm mmbor 143.

Thae maa; hody 106 {9’ ahm genersiiy cylindeical conform-

fug {for mo'pouﬁeﬂ witb thu of she upper body 100, The middle

body 106 is aaoenﬂally a solid tmm»ﬁ cyh der having aa upper

the top surface and

about Mlimy dmm :hn atde, m bottem of the channcol 164 form-
ing a W shtped Mlge (?i‘n:e ll) A Bownr channel 166 is similazly
"::-m: mmugh-ﬂm middle cylindu. the M;';E:-& uf the channet 166 being

“from the m autiace of the cv&md‘ar running we approximately

halfway to thc top, tho chmmel 166 ending io & M shaped groove

{Figure 9). - ' The lovier channel 166 is orisuted at right angles

. to the upp-at chamcl 164,

c*@uam:m boles in middic body 106 aligned with holes

- - I54a and 1w> peeapt tk‘ screws 1%&_& and 156b {(Figurce 9 and 14)
which thmd into the Wl‘ cubical cade of the voll aris flexures
lv .“‘la”é- the mucalom fitting im the corners of the top of the 2
- shaped chmel 166 Slmum-ly. fwo paw ¢ of countersunk holes
+ . 170a and Rfﬂb (mwoa io md»l.‘"s} ;acccpﬁ. weyew pairs 1723 and
172k, mspwthrdy. whieh thread iato m, iower cubical ends of
" the pitch &th ﬂmu lM. ’l’lw Luwat euiical ends of these .
“flexures 104 are luld down in ﬂle coraers of the ¥ ahaped grauw

‘, of the uppm- chanm 164. 'I'hu, the pl&-ms. sxie flenures 104

-Zlf:
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connect the Qppu body 100 to the middle body 106 in an axis
parallel to the upper chasael 164,

The middie body 106 has two notched, flat areas ;53&
#nd 152b and a flat area 158 (ﬂgures 9, il aad 12). Tho areas
152a, 152b and 158 cﬁa be milled flat for the length of the middle
body cylinder as ahown in Figure 11, for example. Threaded
holes 176a, 176b aud 178 are provided so that the formed ends
and middle of upper yolu 120 can be fastened to the middle body
106 by cap screws 120a (Figures 3 and 4).

" The lower :body 110 is generally & cross channel bar 180
{Figure 10) having an uppor W shaped surface {Figure 9) and an
upright ceater core 182 perpendicular to the bar as showa {a
Figures 12 and 14. The channel bar 180 has & cutout area 180a
{(Figure 10), the l.piwr profils of the cut 180s having » joggled
W cross aae-ﬂmml ‘sdgc identical to the inner surface of thc
aprigﬁt ccu.t-u core 182, which is 2 directpillar extonsion from
the channel bar 180 (see Figure 12). The lower body 110 also
bas two flat areas 164a and 184b in which are located two paire
of throaded holes 166a and 136b, the latter pair not visible (Fig-
ures 9, 10 and 11), The ends of lower yoke 132 are fastened to
theee holes 186a and 136b by the screws 132a as was showa in
Figures 4 and 6. ' | _

‘!‘wo; pairs of countersunk holes 188a and 188b are drilled
in the honom of the channel bar 130 near the two cuds to recelve

scrows 190a and 130b which thread into the lower cubical ends

«2d=
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of the roll axis flexures 106 (Figures 3 and §2). 'Thus, a roll
axis parallel to the axis of the channel bar 128 is defined by

the line of imtersection of adjaceat planes of the roll flexures 108,

‘Two pairs of countersunk holes 192a and 192b aze also drilled

through the .upri;fht_ center cove 152 of the lower body 110 as

. shown in Figures 12 and 15. Since Figure 12 shows only the
‘lower pair of yaw flexures, Figure 14 can be additionally re-

ferred to for exact location of the threaded holes 19Za. Screw

pairs 1948 and 194b respectively fasten the upper and lower cub-

- ical eads of the yaw axis flexuzres 195 to the upright center core 182.

The ¢enter support columa member 142 i a channel bar

which has g"\'&' sﬁaped inner cross secticnal edge in which the ends

of the W 2re boat inwards, as can be scen in Figuree 12 and 13,

Two pairs of countersunk holes 193a and 193b aze drilled through

‘the center support cdumn member 142 as shown in Figures 12 and

15. As befors, Figure 14 can be used to determine the emact

location of holes 195a. “Bimilarly, two pairs of screws 200a and

200b thread into the upper and lower cubical ends of the yaw axis

flexures 196 through boles 198a and 190, respectively. The yaw

axie flexures 196 thus connect (and support) the center support
columa mathb-zgr. 142 to @e lower bedy 110, Four of five threaded
holag 202 tapped in the &zmm of the center support column memse
ber 142 (F!:gureﬂ lﬁ and 11) accept cap screws 204 (Figure 6) which
pecure the bracket arm 140 to the center support column member

142. The three thresded holes 206 {Figure 13} in the top of the
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' ‘centey support columin member 142 receive the three bolte

116 which secure the trunnion member 44 tv it. Thus, a yaw

axis which t,s mmaﬁy'pamnel"‘m the axis of the contay aupptwt
-eolumn membat 142 u ﬁtﬂnod by the intersection of the planes

of the cmaué yuw asda aaxuru 3%& and 1960,

The ewptivawr 68 is shovm in greatey detail in Figures
16, 17, 1"&. 17b and l‘lc. k‘igwa 16 e 2 front view of the cap-

tivator 60 {in back oi camors 10) showing the mounting of 3 phase

' motor 84 with a housiag 208 which contains 2 mnagnetic clatch

and suitable gearing to drive the output shalt copnected to oper-

- ate the captivator aliders 864 and 36b, Tube 30 houses a heavy
coil spring 210 which is shown in & disconnected condition in

'-ﬁ“iguze 18, -

The heavy cofl spring 210 is normolly somewhat compressed

whon ceble 212 le cundoetcd to end plug 2i4. The 3 phase motor 84

.‘drives 8 nﬂmﬁé .hy'a‘tsr'oaie elutch 214 ihrough @ 5 to | spur gear

reduction 216 Piuton 218 myﬁd to me putput shaft of cluteh 214
Arives an out{mt nhaa 230 throagh conventionsl 141 to } reduction
geaving 233'. The reducticn go&rm«g 222 drives o helf segment

goar 224 which “ mmmtmi ané aflixa:i to the output shaft 220, aoe

ghown, educthm gentiag a3z ineimme & bevel gear 2202 which

mephes wi& tha phim 218, a mmu Mameter opur gear which is
_mounted e'md. Mmmd &e the same (bearing supported} ehaft 220b

‘2@ the h:evot gear zzo;_tma vta&hlw under hevel gear 220a) meshes

with a larger diﬂmuer aspur gear 220¢ on sucther bearing supported
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ghaft 2204 ."Aaotka.r small dimc-tm- sp'u: canr 2242 in alfixed

. to the lattor bearing supported phift 2204 mnd meshes with

anvther lavger dlzmater ‘gear 220f mountid znd gecured to a

large, baaxing oﬁppo:&d_ﬁhaﬁ_laﬁg which 2lse mounts (under-

neath) 2 small diameter spur gnax that @ :oheg with the half
pagment ffei.r 22.4.' The cable 21 is fastonud to the output
" shaft 220 a.nd cen be womd up arcusd the ohaft 227 as the shaft

dis rui:&:eﬂ by the gearing ?.22 driving oz half segment gear

N 224, Thia, e e'om'w._ further cunpress:: he heavy coil spring 210,

'Mmhal! Qagmégt ‘geari ?Eci iz she & in Figare 18 with one
end {(which Fan bi engaged by the spying * o ided deteat) braced
| ageingt an eﬁd of a mc’ﬁﬁﬁic&l 1imis ston 720 which {8 a recton-
gualar ah&ped nylon black. Th. wihar end of the half sepgment gasy
&34 engag,e‘ mth the other ond of the reciagular it aiop 2286
;when drivem to this position by clutch 237 nud gearing 222. The
~clutch 214 slipe inl_thi_'s conditiim an stato” rafore, A spring

“jesded detent 228 (Flgure 16) 48 positler. © naeny the culput shaft

220, the sod of which can be manuaily ti wod by a sultsbie wrench.

‘A solanivm: rectifier 230 {Figure 14} derivuc 30 volts .o, from s

113 wolts n. e, supply for energizing the . ek 204, The cireuit is

showa ia f‘ignre 19 wherhin the 115 volts .. 5, is provided only

during the xmcage pQ!‘i&d. A& fﬂtez capscior 224 is coanected koroas

tha supply lhwc &iter tho rectiﬁm 233, .. slow the releaee of the

clmuh 214, it is shtaat@d with a cm acitor 234 o series wikk & ra-

pintor 234. E&ithout this !eamre. the camé cator sblders Bba and 86%

-~25-
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i l”l . \v,«.:auhi' be aairﬁ‘ven cl.osed very t.ap_icu*y b)-',tb,_\: heavy coil epring 239
:tbrmmby Lzs.tr}"dﬁcﬁg uﬁfﬁhairaﬁld 'e;ramsi.eu.‘ wibrasions io the cam-
Cere 10 |
' Z‘?‘i;gt;r@‘!? is a.porwecﬂw wndch Dusiraics the geaeral
5 : ‘c,ummr‘nction: c»f't.t‘x‘e e:&i;‘r.tiv‘awé'..:‘}f’.ii'sm Meste seu leame T8 §s clearly
purtrayed ami LLC@n'%'te‘ad Limtt Whe €OF oyn Cross wember £38
: cunnecting ;ite bracketing nlde’»-m?,m 246G, e 2900 mounts a
eI L] &{;&i!;g 't_‘;z‘a‘knﬁi -Z‘S.'Z which actusied & w0y l..“.h‘:.‘»f-;':» il abb,  The
: Erans and oisd.er:i a..z'&-t_sb‘uwin i:;'s Gatin bl b; cauraes tTa, 17b and T
¢ Lhich are un.it‘ais.‘rgsd, fr.ag‘mem;ry viaws . o e capilviaior strecture,

§ a1

a {e shown in Flgure 375, ond g o0 ¢4b as ldeniical to i,

: lides
The slider 3565 5iidés on thza. p@r;&éiezz, 8k - Bits 24, ke ends of
wialih are uj"ocux"ce:l. to evhm.x:vuter enan of ti:  .wsnacting brachets
Z4bha and 24.653, The e"mi brack;t;ta 2dna oo Bibb sre bolted o the
15 ; ::me;s.mmnimr 238; by bolis securwd by r' . (dd. Clearance be-
twaen the skm oi'c.rqs'a mamb;: 222 wmc o slider 86e ridiog on
| shalle ‘2@»‘:‘: _ia provtdéﬁbf by ;aulte;blafz iabeka o wl the end bracaets
" idva and Mbb ‘The 'auda'a' 368 iv 4 clos . yuhke haviag « base

P

[

rud 250 wh{cﬁ:cw _jslic'.ie back am. fux"t5 soph a hole In end
A.‘ZQ . hvacket 516& ma’:ﬁ&haﬁ a nylon busaing t. «in. Whe other snd
bracket Méb mnws a l’x’qun pou 252 for - wuboniog the top of
©ihe slider é%ba; Nylo‘m Gi'ubb&#o 254 a¥e . rovided oa the insise
wilges ai th; top uf ﬁx&yoks ée‘a,

The: end of rod 250 is pin joiates 1 o cunuecting yod 256,

25 ¢ the pin kt’;‘)s?pa's‘tnﬁ perpendicularly throw b ile ta-line axes of

-26-

. Declassified and Appfoved For Release 2012/06/18 : CIA-RDP89B00487R000400710002-2



S

Declassmed and Approved For Release 2012/06/18 CIA- RDP89BOO487ROOO400710002 2

0

18

‘ a& Nmamcwd m thc erauk 242 a- showa f

reds 250 and 256 and ig patpenﬂkmfm? te ihe niane of the wab of
“Evces mombar 238. The connecting rod 7:. can rolate abowt

pin 258 ov@r:a wi« _Wﬂhr npumx The « anecting rod 256

arae ATh. The

cmmk 243 wmprhon tlu owm ehail 2.3(‘ 2w orankshaft which

is keved to mau - 6ouble andud craakers: 60, The two ends

‘a re xsmarﬁwly cmocuﬂ to uré“ of pecicr arme 262 and 264b

tbr@ugb pi.xo 264& and 264b whlch are meviiod in bearings 265 as

shown in Figure l?g.' It con b_' scen in Figure 17¢ that the crank-

acim 260 is dﬂeﬂj channeled at both sade i rsceive the ends of
" the hook sh&fwd r'oc‘kcif arms 2620 2ad z*« Zb. The other onds of

‘the mc&wr lmu Zb?.a and lézb hﬁm m)le, grilled io them in line

tho mxu of :'od 259 and tho emﬁ of connzcting rod 256, for

essarmple, ﬁs/l!u'arud into the l_llﬂé? fn wockor sz 262b and secured

vin place by pln 2680 {pin 268a il sheuilarly waed with rocker arm

252a), T‘mul. QB &q craakarm ?.é 4 e rm--..ami clockwiss, the rockar

arme 2624 lad 363]) pivet taspwﬁiveiy wiih thelr counscting rods
‘about thm:f pi.vot pohu as, Xm' e «mzulc, s mis 256 where the coa-
n@agting rad _156 rocambiy connects with tha baae rod 258 of slider

| BGa,  After tha ermm 260 id rotated ©0 degrees and passes

o doad emr. l.he Smral n‘mi&wry wiation 88, of course,

tw *Ewmittaad to tlu -ud.n &6& us:i Adly, moving them cutwards,
“Fhis ma&%on uteaus thn shock abeorber yins 68z and §8b which

are m&mmd on oaeh arido ui camera 10 (Tigerss 2 and 16}, wnceging

tha camnera }lﬁ. ,
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‘ ?‘i‘ﬁa,dauembly (Incltidtng"sbabz,'baz
£ awn in igm-e 11is anlargcd in Figure
K *sczive of the ahoch ahoorber. Ai aee

R m ohc ok absorbar in trne propoﬂion

" i, 20b :iad 2l The chockab_m:_bcr; :

. .,.ws-.»nld'othar.‘éwiae .ruult_, from h’l;p&;t of t
: &r:\!‘:}aétﬁgg tim yi;u &Béa’ md 8eb on.cagin,

| 1 .ach .uﬁo::k";abgorbgr. ;pclna'dda a ahj'oc:;n‘ Fe

T & A, swivelﬁ;{mcunt'ed}in é-ﬁoyuhg;; ';'M i

(igure 23) carried by the housing 279.

EE ~gwe la«uu cone at the lnnar .mi wi:ich
Cefm wprmg loadcd phmger 274; - T!w plu
Cyard by @ 'pmg 276 mcirclin_g the ster

inelde a cylindrical retatner hc‘mm 27

the left @md of ho\utng 370 _The apmng

e (mtm's the! pia 88a aftu' ralesm frcm &

, -E smpmg ming provided by machamiml {

and plunmr 274 ends.' A pltabte O-xing

channeled groow os cha inaldo end fvf pi-

;wa a&& at maximum dellecuon wiron eom:
O side ol the houuina 279, - The gucuivaing

s .oao:rbem can bo varhd by am; iihag the

s;»m_pluug;arr 274. Thia can be 49 3 JV 8¢

in or out to'increase qt dg_crelm the ep

plunger éi"?(_. ’vap,l’iag‘ptblﬂui‘e'(s‘i:'nul:‘d'bv;. -

 -28e

i paepnied ac
GACE IR O ReEe
¥opresentaiion
avided by igures

i3 tho ghoch that

wlers uba and §6k
Cae cammera 10,
o pin, such ag

woidal bearing 872

i ooin d8a bag a 153

mgaged by an ead
v 474 de wrged for-

tno plunger 274

doh is threaded into

i plunger 274 re-

Coathon of the pla BEa;
o hetween the pia 82

iy carried e a

. snd cushions the

© ke roade wish the
Yoot of the ahwck

Tikg prosaure agalast

ag the retainer 278

; 276 presuure oun the

:rpaged i the recenter-
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) -gtrms"i@m are ixés. dsmpqd _qut"qz.»ich iy e

" system otvpgncyp.- A

-

“anothe: qparauonalz cycle) and prsaéaaxtﬁ
tha c’u:-mfm 10 £» not smoothly accele sas

i uncaging and caging, reepectivel:. A r

s gacurd is the camera 10 nid;x by me ane
E me: pm\ au through . ﬁu skin th:w iing wi
" he retasmn houﬂng Z?B can be firydy hai

' :gewaﬁ:;lp (Fignre_ 3.9) thzcmgl:e cmaar 387

T&;:of: autobalance nse‘embly 5 is éh«:.

Fxgur‘ 3 22 and 23 The msto aleace we

. *tailad Y Fﬂgureo 235. 23b amﬁ 23x . ihe

"¢ eries wa wcight 2.64 which is wtv ,wa b}

amnll tube . ‘56 @

L hwtoba:m:icnj tube 54 serves pe a ¢ongalt

guide. rail which m& in the grc}-me 28¢ b

e weight 264, 'nm c'ylindru:al weizht 28¢

'rough, i gamlhl_to the a:si,s of the wa.ghz

12 and -;mi. are alsc dwmed pasall i toth
is reug; 3euvmy into the laft and ri sht eat
‘@ xaot t rongh holes lika hole 239, Bix.al)

98 Y ~a r.arﬁled diameutcali th -

, 1d-;’;94.. rupoc;ively'. near tho satt an of

as are ingerted which span tiw @iz neier
/4. Ch-uneled slots 300a, 300u ax i 3 :2a,

Aler berings 304 on axie pine whi=h a

-.'-;29-

2ok oy s etert
S @R
ot deakie b abadd
Caeren (nof shewn)
thrmaced hoke Zbda,
n oosition by ast
. P TPk |
S0 LB AT E GBS
Ao slug dod is

Lonciangs bube 9%

s dein Eharmiph
au inaiue 1o the taen

Cudpdag and alag es

i wyher Botoo
iinGer

camedady
““-;&éf’ &

Sacure Al bt

um o, wradRE

G Pl ARE o
PRV RN R S VS 535 4
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oy
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"

=Y

i ole 298 g thmvn in ﬁgue 23,

L 1l

"*mmgh t?.m cb&mle& .’.lcts by way of ll-:'.mtrl :
r ol 308&, Sﬂl%b. ‘The weisht 284 rolis ¢ x !I!

A:md As aligncd md gu&dad by zhc smoadl §

A mloa apr&ng 310 hw,ml in hole

,d wa pfm.fln t‘mlé 3‘)6 gnd am cathc?: oy vh;{
¢ adeh pus:ws 'qwnr p\.tuly 314 (Fi.ig;t;z-aa s );‘ *
: f:"*-,u‘éy: onmm a‘l_xbaﬁ»e'f c'il‘.‘e. 'imot@x‘ 66 ané the
;6. The l;ma 3);'2'53‘ next !hr@wd ‘mrmigh
“Gown the ! ugl:h cf tube 64 and thfm b aaywd g

5 nev 3 uﬂ bmght back to w»atgbf P22 X8

- nsioned !oop iu tm'med for mo ing he we
- maohc&mca mbs o4 aecorcung to the Lurz
‘:»ﬂttw 6& 'Limit switehw 3303 and 33(& By

- ight w j.. _nre prmmud at both snc 4 o i

ater 66

e ’«zdllaty mﬂmh@s 638 it the righé: eun:i of tn%;

A ﬂfuuneinnl block magra.n o a )ma

1] atabmaamm la abmm in Fi;,um Zé 1
: 2‘:113 to mw’e( the lhres sorvo ehanamls a:w
“out the mil. pneh or ysw axuf of the sar
'no olgn: u !18 pmotuanal &o *c’ ’ tue & a,gu
v &ha gyﬂre.-:abont the axis cmtw.luza. i=m

% ualegm of a mmms angulu ra‘:e {hdon "

) Wach axts durhg the !. u. C. mt-rvu).
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plee 3ada, 306L
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S LS,

2 ig Booked 0B oRg

1l PRans? Hew o) R
wid de tled to Mme 312,

Capped arovad the

pupsd ever pulley

wha 890, contiouns

viod g & pin in

B ond opring~

seved ERpaamD,

BeRSHHR
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sea encept oy the

i wuiput gignal

{

S84 ook and foxth




|

 Declassified and Appréved For Release 2012/06/18 : CIA-RDP89B00487R000400710002-2

1 i obtaincd and amplified by an : mp!ific

rb

erplied.t & solenoid producing torge T Hl

S Ho'Hg o ! the Boltno;d. The w tio . of

the

Y iﬁxfeie.‘ud to thé aiy Krame. nd ries “,

5 'Y cmdmg to camera compliaaee 'Qc, T

o rque T, combined with ﬁw apr ng e 1)

wm ged L'y calenoim ﬁarque g UL i

£

Lo ity W 2 omb ehe axis contmllm is .er )

vi lug, oc- mid wrrgue 'I’ exr.ce 8 t X

1o 2 “owm an,g\aim' valoci'z,y " at mt he

,‘L\g: aingle axis mte ayr s'ﬁ w:

o the ¢ mom 10 are conmatio \al v

a vimbal awmms an olecuicau / @ ive
‘ p«ud‘.cu!a ='“ly to tba plano M the mm}-. al .
5. . @ d n alg »al mnara&ur. .n hert. stk a1l

. a;&:ky fi: iqd with a xzi'-cous flute., Am

10
o

X

P

i)

ict

ser

-ine

[ 13

ﬂﬂ

e &Me:‘.ﬁbally-oyﬁaamg ‘end chaﬁe wt ch

C; rpandic ulnr to the aptn mcie oi tlw gy

o8

mz,\mw 3 of ﬁw torque gnzneratf re. d 1he

26 Cn apmcti* ly each mmmte& on as upg :ax

,.g &

‘:1}3.‘ Fo wto_ gyre applica‘tﬁon At H 3e

toa eigns! ginbr#tdk m‘atput is mzplii ied
y mliﬁaé stgml s uaed to drive the oy

S} osmner, M tcx'qwa &evsloped by tlw o

B TN vma,l;te z:xg anguhr displaceme: ¢ 0! th

f‘}lf
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4 preforred af'y're.'lcmp block &i:»gr#:m is shown in Figurs 29,
When the g;ro mm'ae‘a v'an‘gular motion, & farwcwsﬁmx torque is pro-
duced about the output éxia which cause;s angular displecement of
the aignal géueratoraimmam '.cxif null position to produce an ouk-
put signal, ."mio 6@6& :.{ign&l ia coupled by alectrostatically
shielded igolation t:;an'a!prmﬂr T} to & high gain 2. ¢, preamplifier
Ay and the ;mpuihd signal {a demodulated by & demodulator which
iz 2 transistor ckﬁpp:er producing synchronous rectification of
the pmmplimef Aj output, The demmiuﬁﬁsed gignal is amnplified
by 4, c. zampliﬁarﬁz'cpmpriat_n@ diract coupled pusb-pull clasa B
emittar folioweﬂ;.',‘an»d‘. applied to the control fleld of the tm'que
geaerator. ‘The torque ﬁan@rﬁﬁ;t pattern ficld is operatad at a
known current {7 ma.), snd since the terque output of the torque
geuverator ﬁ propo;mul to the product of the pattorn field and
centrol fisld currents, | the applied cuatrol fleld current is pro-
portional to the rate input to the gyre. The resulting torgue pro-
duced by the torque generator is such to bring the gyro and signal
generator é.‘rmamo §uk fnto null. The angular dizplacemeat of
the signal generator is kept very low baecause of the high loop gain
in the nyaﬁm.

Since the 4. c; resistance of the torgue gemerator is
accurately known, the voltage across the torgue gencsrater (con-
trol field) is sampled for the rate output of the seasing gyro. The
carrent in the toufxw écaetamr provides an accurate measure of

the angular rate §f the loop gain is kept high. The rate output

-32-
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. gignal is aﬂtubly'applim'w a ierﬁner‘»e‘ahmm to drive the camsera

in such a direstien t6 oppose sy motion senved by the gyre. The

block diagram depleted circuit of Figure 26 {for the pitch channal)

ﬂmmmtea,'_l” w‘ﬁ‘crreé mmim which this 2 done. The con-

 veational gym 6L s mtzaouhd d&&grmutswﬂy. The servo
loop a8 shown in Figm 25 can be seen &n Figure 26 and includen

-piteh gyro mpllﬁcr 332. and part of torquer amplifier 324, The

autput atgual from the puch gyro mplifior 322 is passed through
& conventional Mme& parallel ’1‘, low pass filter 326 to moduy-

lator 323, An L M C. command can Em provided to another

' madulmor 330 as h:ucatad. The command is simply in the form

of a d.c. voltage whleh h der{wd off & menusily adjustable and

calibrated muomma 'eemﬁad acroes 90 volts d.c., for

~ emample. The modulated cutputs of modulator 328 and 330, which

are conventionsl chopper modulators, are added and applied to

_ @ramgﬂﬁoﬁi 332 through a gain control petentiownster 334, The

' pmampufh* 332 drives two magnetic esuplifiers 336a and 336b and the

magnetic anjapliliefa 336a and 336b cach fecids ono winding of the pitch

control sal‘_‘noﬁ 48.  These two windiags oppose cach othar sad if an
.equal current lk'mb in both windings there is ao force from the

‘solenoid., The magnetic amplifiers 3363 and 336b are conventional

and of the half wave raset type, Zue to the reset type of potion,
thase magn'ﬂits mplﬁ!i.cu 33&& and 336b are pbese sensgitive and act

s their mvu ﬂlmoduim:u. The &masi:zg of the preamplifier 333

| output to zlu mapeﬁc mplmam 336a :mﬂ 336k i guch that one

¢33~/
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| S “will @pem?@‘m one phase and the othay on the opposite phese,

Thus, one magaetic ati:piifiér 336a drivee the 'push’ coil and

_ ttm other 3361: dﬂwa'm ’pull“ coll of the sclencid 4. The

solenoid 48 drhru the cnmom lG in such & divection 28 16

5 : .ﬁp{auae any mtwn sensed by the gyw 62,
| The rau aad yaw :hannolas ars axmu v encept that the
: X. e G cummmi siganl iz sero and. coaseuently, domodulator ‘
A’ :33 ' can be amnud. In the pitch cbmmef., Ymage moticn compen-
. .‘ sation is ac"compituh;ed;by feeding an 1 3, C. voltage into chopper
10 - modulator 3!3 and udni.ln". ti‘t‘iaﬁi}p the fmtg;m; i the ambiiuiﬂg !
2 ';:&uc»ppor'mo&alhtot‘saﬁ. . The mmnom&é w%"d. thon drivs the |

' camers 14 unul the gyro 62 ouepm w eqmal apd opposile to the

» cezmawnd, n whlch time there will ba na sigmal to the precmpli-

. fhax 332. Thus. instwd‘of malllng !c; gero yaig, the system wiil

i5 - nml o a rau whSch pra&m.ea a \mlm ge equii and oppusite to the
cm:x.xmnd wlmgo. " Thie means. that when the gystem is umlm‘an
the camera’d0 will be moviag at a giver L b . wate about the

Tbe_fpreampua.o‘r A) comnecting with isclatios trancformer "ﬁ‘l

|

|

‘pitch ade, .. , o |

|

30 ‘ie identical fu detail cireuitry to preamplificr 332, and their eir-

" cuitry e ohéwu in Figure 27. "fk‘-:xe.mrqmr ammplifier 324 ts de« |
tailed in mg‘ur'a 28 and one of the magnetic «mplifiers 336a and

336b ds ma in Flgutn 29. leab cizcults are genevilly convens

tianal and wﬂi bo brleny descrﬁhed. The px:'ﬁmm.gﬁmm?s each conm~

«34-
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~examnple.

cathode fc,ua\ 0% and iucludu a aap&x fter €
Agw apitic rxish lrequmacy oacillations. x:.aeé
Ci2 forms a ﬂecoupling nemrk xhiah azim ‘

. gzum»x su;wly mnﬂng. Emsiatm a B4 erwi

which pravtdso biu for the ﬁr:t transictor

ceapling cap‘acitor md_ eapar.citor cz ;;gu.z;alef.

the eamitmrf'to the biaa‘iatwnrk conter whic

‘B keeping tha ceater uf the briar; mt*m R &
ar the ezrim.er, the a.e. impeéancc af v ‘ni: :

" fnornaged by z factor of a;:pmxix.mtstiy 0.

a ‘:,isf-'h‘im::ut: impcdjnca to the firat tzz‘&hs':‘ls!'
th xmp!i icr from loadlngg the afgna BGAPE

T‘m ‘sacond am;a oE the prea mpl aﬂ"

. anpliifter Qz which ia :dttgctlyicrwupirad 1

o

grin atabﬂtiy. This aabypva_naea reuistor po.

fordback in tie 02 stage. ‘anaism: 28 xn

fc :dvack “c thc 4. ¢. lewi :md glncs it is .

it reducea the d.e, gain of the ef“aas to pp

i‘hig reuiawr, _as alsc dcwrrz:»,im-

poing {ovr &rinaia'wt Qz. wapacimr LI

in prder to obtain a high 8. €. gam fmr the ¢ .-
“the collector load resistor for the stage an -

Cto wut off zho bigher !éequencias which wou -

tho ayamm{

~35-

Q1. Resister R7 in the emitter circuit of ¢

e, Q.
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wEed o Suppressy
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ar &5 amd capacitor

~avides addittonal

o &

i, Capaciter 42 fc a

ae g, e, signal from

ands the base of G,

W OHBENG

&, ¢, potential
F1oig wffectively

iy i weed o keap

i which prevents

oo commmon exnbiter

senitier of trangisior
providoan outne &, C.

Jddes negative curront

on Ragative current

dmmos mo lazge as 87,

Gnstely 3, for

aperaking

caes this resistor 8%

lesistor H1Y o

roftor €10 i wewd

oniy 2ad 10 neioe du
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s t}m dmvu for a puohq)ull ont ut,

frogquency.

. txam:ﬁiamf“a £35 ﬁad 6, -

Csmpﬂciiof C‘? fs 2 cm:p"u;r»gi enpa ite

" wiuich is \se & commen emittey amyiifi or,

¥ 18 form. a.&alcmr bﬁn tmtﬁé& fo: tr ae
F.)1s uec: 3 :o incnaae tnpnt 86" zta Ge ane
o' abmty &ez(awr aw pxovidn 5 d. o 'agg
p reature embﬂi:y. and c&gaciwz Cu by ae
@ . sigu»:nn-. mmwr R11 ic t“w ealle ete
thie sta‘ga: dnd cmcim .C? i8 tha ec uyi i

noxt uug,w.. which lm a common cmitier am o

Boglt

- ,wd n1s r@l'furm the aamu tmtaams:: as alx» ‘
-b ﬁm @russdhg 'atago. The g‘ah can b wﬁ»
Ca.e, tmpadanu ia the qmituz cirevit of &

a collector ch'm: ol 04 fncludes the prizar

former Tiajvmlch 18 remnamd by -mme:iw

ita @ 'ho m’o".m'm réoiméncﬁ. 'x'hua s sz

u&dembiy whan the amplifmr La av«xlﬂ emn
epikes lraam uceurﬁng

The. ouqmz omgc is a mn«-puu olag

disetpativa in tho &rannhtorn w&an £l out;
- Bosistors aaz aad Rlb form a !mu noteor
- pmcm 8 a»mn fa:warﬂ b,im cq.f:zﬁ and 6

~distortion af:ud-thmv pr;ovmti-é{ smaall derd &

-36-
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null, Reaimm R20 snd R2l provide bisg stobility and some

degenemtiﬁﬂ. The output of 5 and {36 ia powerved from a

separate gonector supply identified +30 V, and 30 ¥, return
in order to .wcure good decoupling.

The torquer amplifier 324 is shown in detadl in Figure 28,
and includes a traamisior choppér (Q1', ©2°, (23!, and £34') which
is uséd 88 a_.b demodulator, a pﬁah-pall emitter follower circudt
(013, 014, Q15 and Ql;(‘») for ciriving the torquer {torque gen-
erator) of the gyro 62, and s modulator transistar chopper {(Q5',
06', Q7 aad 08) after filtering by filter 325. An additionsl
modulator transistor chopper (ﬁ?f. 30, Qi1 and G12) for con-
verting 1, M. C. d.c. vo.lt,age to 200 ¢.p. 6. i3 alzo provided for
the pitch channel, The output of the L M. C. modulator 330 is
added to the torque geherator m.eduhf‘mr 324 by zx%@a;na of &
resistive adding network (R7' and £8') and fed to preamplifier
332, Output 1' {terminals 11 and 12} is used for the pitch channel
aad output 21‘ (termtngls 10 and 11} is used in the other two chan-
nels. Thus, transimm'"s 09, 30, Q11 and Q2, capacitor £5°
and roaistor§ R7' and R8' can be omitted from the torquer
ampiifiers i;ww the roll and yaw channela,

Transistora Q' and 02, P-N-P types, for example, are
connacted back to back and comprise a single pole, single throw
switch. When the coil end having a dot 1s negative relative to
the other end, the transistors O1' and 02! are forward biased

and the gwitch is closed. When the a.c. switching voltage is

-37-
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15

29

2%

reversed, both transistors Q1 aud 2 are back biased and no

" current flows. The transistors are used {n inverted connection--the

normmal collector Mct{on is used ag the emitter and the normal emitter
junction ia used as a collector. In permal operation the transistors

are driven from cutofl to saturation, reguiring little driving voltage,

,m produce aubﬁtqnﬁial!_y square wave switehing, Two of these single
.gmm throw ow&étéﬁu are combined with 2 common driver transformer
' t6 make e;mplété SPDT chopper, The a.c. input {s converted inte
| a.ndauble @ndad. ﬁola?i__;y rwva;'_ibla d. ¢, eignal which reverses in

polarity with the phess of the incoming &iémal. This signal is alter-

nately connected to filter capacitor C1' and the bases of emitter
followez Qli and Q14 then to filter capacitor C2' and the bases of

emiszer follower OIS aﬁd 016, Each emitter follower uses two

- transistors in parallal?topmvwé increaged power output.

The two emittar followers feed the torgue genarator

control ficld o!t gyro 62, and are conuected in s bridge circuit

in which ﬁ:no‘:.control fleld of the torque generator is connected
_ between the emittars of the two emitter followers. The SPDT
- chopper acts as & syachronous rectifier, For one phase of input

. c. signal, the rectified cutput across the capacitor Cl' and

C2' will be positive on one capacitor and negative on the other

with rospeci to the 530 V. line, The emitter follower with the

negative Mgﬁa! will follow the input and the emitter follower with

the positive signal will be cut off und its emitter will remain at

‘zer0, meagured w{th r'ehpect to the :30 V¥, line,

«38-
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; : IR  The: eubnhaaou cheppox ec«mpﬂw 3 transigievs Q%7
| ; uﬁ f, &7 e‘mt 08 nmplel the vo!wgn agroge the torgue g;»;mmr@w
- cm@.uvl fiold thmugh iﬂt&v 32&. The em:p@« ¥ Bon two “contacts’
conneated ﬁb uch ‘side of the comrak ﬂem thrpugh {liter 326,
8§  .andan am‘ mec&cé thremgh a cmpqing capacitor C4' o
- . 'psf@.&mpuﬂer 333. Thus, = d. e, or low igec:iu-%cy a, ¢, input
s c.vnvm‘@:oé w amﬂwd ‘400' cip. 8. Wtpul, for example.
- This moumzed maput rowrseo g}hasm 88 the polarity acrvas
tho cuntral ﬁc&d 6! M torgue gemrﬂm: peverses. Iin the case
' XOIV of the plﬁﬁh channsl. a dmuhr midiaéamd chuppey comprising
t.rsz.swl_emtn,ﬁ?. Qio, Qll and _QM convarts 2 d. o, L M, C, voltage
fnto a 409 é’. p.'s.. #. . 'voi&ago; Thiz stgnel is combined with
the a. ¢, M‘u&l Irem capucitu' CA' thma\gh & mfamswacfz adding
| amwcsx'k comprishg reauwra R7? ami 28 ‘“whou these two &. ¢,
._gsi - woltages &r‘ aqual mxd oppasita. the; cenesl wnd ne ouiput sigaal
| ﬁs fed to iho preaanpuﬁ-r 332 h\ ?.he am&: chamnal, The system
will seek a nun wlum these &w aigna&s gauol md can only do
this by mcwtng the cimem 10 at such a ;at» that the gyro 62
_ eu&put as mam?aﬂ across im'quu@ gonerator control field
.29” aguals the LM. C‘;. comnd v&le‘sgﬁ. ‘?i‘iiu::z, a constant 4. c. input
o the I, M;‘¢. cwer wiil qom@d a'aéﬁm:u:s«m #ute on the camnera 19,
The :outéﬁt of proamplificr 332 4z émp&ierﬁ to & paﬁ"r of mage
"nstic mpliﬂeéa 53& and 336b, 2‘0:" ex&mpif::a through transformer
19 as ahom in Fﬁgure 30 A mgneulc ampiiﬁwx ip illustrated in

Ees ; 'demil in S;""lgura 29. Two units are vaed tn zach channel and the

..3'9:".
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4% nd the other to the. “pull” coll,

onit it trezm!cmu T3.

a@raa end :al the aeconM of transformar
E ix?gm& zezminal 1of maguotic mﬂtﬂm- 3368
25 -~ magm;ic :amplvﬂ.i‘érb 336!: ;wbili the low -
is -::f.w.mwcm@: to input terminal 15 of rangaeti
to iapuat te rmimll of magnstic amplifier 37 .
ch- agfz_ngl wf ﬁgnt_ to \a. .r_.uagmétic_v armaplifies .‘wi- :

. other permits ons to conduct for one phise -

an’ the other to conduct for the ciher phise

e pnetie :m‘ipuﬁcf is connected to thae ' ue

Thu, S

"m i ncwfwm upon the phas@ of ths dnrut g

an ‘sfiarm ﬁmd are full wave (hvic& ol Zzz.f

W R eacwm.a and !eadhg them {rom: th ce

’I‘hé couirel cycie

8¢ ion oo -::uru during the lcad cy cla of the
i, during the contro!.half cycle, the troasi-

hehl out off by the phase of &Mr S.npw age

wi'h respoct 1o line, u§tth@r balf wave e2et

aprpiifier conducts and no su&pﬁt {8 cutane:
an: P2 aiter the line 13V, aad 26 V. Leger -
lower haalvu of a mntor tap grotvade & & *ppu :

do not e m & two phan aumr:ly

The 'general speration of the. can:er.

new be described wtth rof@rme to Figvre ..

opsragion, the,prdgrm’nn‘mx- 338--which is .

o -40-
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i conmegted tu

Ced e fmpul termingl

of the secondary

£33

'L,,

wuplifier 3360 and
This intore

respact ko the

ihe input sigaal

- tho signal., Une

eodl af the E}ﬂl@ﬂ‘:‘éun

cirsotion of forcs

s The wasnetic

Uiy weing bwoe balf

sy tapped praamplificr

wina half wave

o, and vice versa,

an sla srd QR arw

aeing oppusite,

4wl & magnetic
The notation ¢}
refor to upper and

iransformer coil and

srahilized mount can

Duriag 2 eycle of

tepping awitch--miken,
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1 "fssfr‘mamgalc:. 1 l'st_‘ep.a:‘ as hdic&»xd;. hix

ca;,zﬁ@ra 10 during the firct three steps 2ad -

B

| thres steps the amﬁa;ance relav K& ig enc i
the wncaying rémym. A relay Kl is comp -ied aaxe
5. pitch 9olunold 48 colls as shown and is a g by pile

Cbalanced wo position remy; \%.a_i K2 i3 e . cgined

maagnetic ung#liﬁet p?_‘dm@lﬁi.ex' § Bra ener

wi the cizcait of the 30 V. raturn lins,

5 .c.:aptﬂvator elutch Z14'is aaeré¥squi' by rectic-
Cae ,v'zi'zzm'unca;:;oa c'ameia. ifa wm b&’ stabitized &

ance dedft cmsad by unevea zrm “apoj ¢ of fii
' pncm chasmol. the polas af relay 2(1 whll B o
or e:lmwn saccardln‘g to tbo.direc’ttc'»n of caimer:

‘K3 kg acumud. #38 volts tu su&t hl'f appile

= 18 ~relay K, mzmnal switch@a 65 and li alt awis

to e.euztoha»,i;mce mmr 66,-‘ movm@- the-:: we;.a;zghf FE

flbcm a &imcs mlay nlay to rlalay opsar»z et of

K s?%ezﬁy ctﬂu condition is rmchoe:

20 Tma auxobalauce fnnctinn m digeonts;

_zzmmmaamd. “The camem 10 h, horﬁ@\’f'r.
‘ﬁf}\ﬂ.i"&?o
e‘i.:;'x;&i‘t to the »auhbalanco qircni@ and rex,@q-
| Jthe LM G, “-;_stgu;l to bo uippliai_l-ﬁa e g;fxtcka

128 A zamers shutter p@de'ﬂs'ﬁ@ﬂ -‘E;aplfm‘d sy

| gl
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Cike emata‘bn ie 661!4916%6 h}; th- el ver th

 EE ie cag dand the syntem gene: ‘all'- de -o¢

o mount ls »rovtdoé in whk:h 2 em 1ex: i@ Iu;
‘ards. low frl::ticn qum gimbal in Mf X t:

@i the ea rwra& ia comcldem with or wa 9’ €

of ths gio M Coazra_ulng mears ol oy

alle me\rvam: and ywmf supplios .re isc it

- smlonaw& suimbly amchcd to ths gif whe L B

. .& anptim "of or mechsnical cag@ v 1o e m«

ag taquir ‘34-. when the samers m.mu. ad me

The capti m&or reiee&au me e rs N« pe.

l- to pﬂmz almt the gimbﬂ ‘Z‘ha xate zyr i8:
w ant of the. mm. and through iae Ere08.
s,..xqmr 3 )lmotd u exere a mrm 30v thr hé
'l tr2 angulur movement at the mmnt. P".’s e

_movements ave oniy fractions of a ¢ 18¥ 0

of & B,deg.mf_ea, for. oz;xiinpla, is ate ide

g ;mba.l"’éan.ﬁe capable of movam *ut B v wpi
- without diﬁ‘f@c-q}.&y a.hntu"tvwc_ha.ﬁs‘ S iae . tm

te floxurs: ui&sﬂéﬂy.

It in, of ¢ csmran. not reqeive: thtt

. cum ”‘mnd uro mular rage, km: ax te g
s".'nmm m:.eh tha; the mogmt will mov s i &

poagate. f.r translation of the alyzre Lo oow

t::i8 provide for image motioa ¢ mp s i
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‘r: unt whe réin the gimbal would ~lio ; & .

Wf.:ighg di: wibuﬂoa. An autobala 8@

C e guired e.fmit the system: be used on 1l ar

e that th:a system cap fanction .8 & on: o3

1

o

-drgress of froedom, respectivel. i ic al
i 2 miount 18 ideally suited to auypo: - tv o &
. w i the. ¥ -ount gonirally' iééat'qd bet eo : ¢

. v the mw:a,sgcmmovh ia oppo sin; 4l ec

e

provided satweea the two camer: s I .uniag

© movemes: for precise control or wh.re nl

Ui 2,

It 18/to be understood tha- eh pa e

“of the inv.ation described 'a‘bau A she R
‘ o in39 are 1.erely illusirative of end st & 0t

" fnventica, and that various chanyae .1 & i

az rangel: :;g{t may be made withont ¢ pa:

Cptope of ao: troader of the appes déc aliim
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- W-at is claimed ia:
1 L Aﬂe;m_‘e,gi-mbaf, corapr sin g P e cdnpter
i Cxount a 1ad; a neccmd'_bsdy; an¢ a tafr of cal flermvan out o

- 3 . - nccting 8¢ id fixgi'bod); to said sccon i be dy, Croreewn b oflesv. 2

4 e-tablishing an axis of rotation for raid gir

1 A -2 fl’he invention a{ccord:’ng ‘o Clal moreteocoadd nes
2 L of 'ﬂfexure::sv;are ama.ll 'i_hickﬁess sted e poasi o wineooily leo e
"3 . wise, the strips lying i'in pl&nai vhic h i te: coord, o angle

4 &~ch othe
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§7 20

R : 3. A flexm'e gimbal €0: 1pr atn ” : Cae ingiane
z o | tc mount - load. & second body; ¢ fix it g adr v D omuse
) 3 - eranectin ;aid ﬂrst body to sai:. ge ;on b Coo e U gaty

4 | e wsed { exures eatab!inhing a iirs ax 3¢ ma s wnd
s gimbalie tlﬂrd body; and a secos: ap- o g e
‘ 6 ‘ 'inf "t ing. .8 ul socand body to satd uhh ib dy SRS S
! 7” ' c.ossed f mmn establiahing a;ecc .zd ad Coty crogal
- 8 ‘gia-nbal. ‘ v

1o i Kz The mventiou accord ng 5 € at C I
‘,2 . | ool f ﬁexur: 3 ara small th&cz:neau tri‘, 3y FTIE R S T

3 - m ‘ge, the atripa 1ying in planes 7hic 1-is ten S mgder
4 e ch othe .._g- v
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L1 B, The invention aceordiag i C ai Rt t1
2 s~cond ;}s ir"ioi crossed ﬂaaéuren 20t: alis he: Ca
3 rotation v-afch is o‘rthog:qw_al to ti.e £ rat ax: Co S

« gimbal, .

b, -f?ho invént#dn accord: ag 1> Cab Sl anw
2 ‘,‘?u‘,‘-.n, a fc wth body; and__a taird { air of s fo e
3 N ‘» e. id thire b‘,c;dy' to said fourth bo .y, :ai th S ¥ S

4 Sf xures -‘s_t'_:abl.tshing,a third axi: of ot .ﬁc
1 : ' ’l The iﬁventibn accord; 1; 3 C ai . L

2 pireofc ;'osaed,ﬂexu'rej estaf)lrl mhe -tk -l i R

3 aas of r: t&tion for said gimbal,
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5 .20

8. A flexure gindbal., corapr shr g S
"2 . mount Alioad; a aecﬁd bodys . nﬁ we sa : 4z n
3 ¢ ancctic | _,"a.id ﬁrot‘:ﬁo@y Jto sa;i' L se .on b St
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.
—
~

algf.m‘wi'e: ' 'the strips lying in piane : _ﬁv icl Civie

4 .tc sach oiier.
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1 . 11. "The invention accor: ing o la

ib o0 ake. of rotaticn respective'y ¢ :fis 24

1

‘3. . crossedf axures are xvnutua.lvly :P‘ rpe idi ul:

4 a svat pe at for said gimbal,

1 S 12 ?The invention cona.tvr wete dad T
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